The multi-dimensional wrist force sensor applied to Motomam V3X robot is introduced. The characteristics of genetic algorithm (GA) and artificial neural networks (ANN) are compared. A novel improved genetic algorithm (IGA) is proposed to train wavelet neural networks (WNN). A kind of new dynamic modeling and dynamic compensation methods are presented based on improved genetic algorithm and wavelet neural networks (IGAWNN) and the principle of algorithm is introduced for the multi-dimensional wrist force sensor. The dynamic model and dynamic compensation model of the robot wrist force sensor are set up according to data of the dynamic calibration, where the structure and parameters of wavelet neural networks of the dynamic model and dynamic compensation are optimized by the improved genetic algorithm. The results show that the proposed methods can overcome the shortcomings of easy convergence to the local minimum points of BP algorithm, and the network complexity, the convergence and the generalization ability are well compromised and the training speed and precision of the new dynamic modeling and dynamic compensation are increased.
Introduction
Robot wrist force sensor is a force sensor which both ends are respectively connected with the robot wrist and gripper. When the robot clips the workpiece operating, it can measure the contact force of robot and the external environment, namely through the wrist force sensor can output 6 dimensional force (3 axis force component and the 3 dimensional moment component) and feedback to the robot control system to control or regulate the movement of the manipulator and complete the required work. Therefore, the wrist force sensor is one of the most important robot sensors. The sensor usually consists of two parts the sensor head and signal processing. The sensing head is composed of elastic body, measuring bridge and preamplifier. The signal processing part includes amplifier, filter, signal sampling, A/D conversion and computer. The system structure is different for different applications.
With the development of the robot measurement and control technique, the performance to wrist force sensor brings up more and more high request: adopting measurement and control not only have the good static state characteristic, but also should have the good dynamic characteristic. Now, the construction of the wrist force sensors makes its natural frequency and the damping ratio low. So the dynamic characteristic is difficult to meet some situation of measurement and control. The research on the dynamic characteristic of wrist force sensor is necessary. The research on the dynamic model and dynamic compensation of the wrist force sensor is important method on the dynamic characteristic research of robot wrist force sensor. [1] [2] [3] [4] .
There are two ways to improve the dynamic performance of a sensor: one is to modify the structure, parameters and design of it, the other is to operation its output by using dynamic compensation. With the development of computer science, the latter one gains great popularity. The methods of designing a dynamic compensator include pole-zero disposition, system identification and so on. But all require the selection of the compensator's architecture in advance. When the characteristic of the sensor is a high order system, the work becomes even more complicate [1] [2] [3] [4] .
Artificial neural network (ANN) has been widely applied in science and engineering [3] [4] [5] . The majorities of these applications are the gradient technique and back propagation (BP) for optimizing the networks. BP has unquestionably been a major technique, but it is plagued with long practicing and unpredictable performance [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Recently, wavelet neural networks (WNN) have become a popular tool for functional approximation. Wavelet neural networks, which basis functions are orthonormal scaling functions, are more suitable in approximating to function [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Genetic algorithm (GA) based on natural selection and genetic mechanism is a global search that grabbles from one population of points to another. As the algorithm continuously samples the parameter space, the search is directed toward the area of the best solution. So it can be used to train WNN [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
In this paper, a novel improved genetic algorithm (IGA) is proposed to train wavelet neural networks(WNN). In this method, the dynamic model and dynamic compensation of the robot wrist force sensor can be set up according to measurement data of the dynamic calibration, where the structure and parameters of WNN of the dynamic model and dynamic compensation are optimized by GA. The results show that the proposed is effective. The whole elastic body is designed to be monolithic and symmetric. And the mechanical structure of the wrist force sensor is light and simple. 
A New Mechanical Structure of the Force Wrist Sensor

Genetic Wavelet Neural Networks
Wavelet Neural Networks
Let ) (t  ∈L2(Ｒ) be the mother wavelet that satisfies the admissibility condition, i.e.
is the Fourier transform of ) (t  . The corresponding wavelet basis function are defined by
where a and b are the dilation and translation parameters respectively [10] [11] [12] [13] [14] [15] [16] . The structure of WNN is similar to that of multi-layer perceptron, except that here the activation function of hidden nodes is replaced by a wavelet function.
The outstanding characteristic of the wavelet transform is that wavelet transform has good localization in both time and frequency space. The width of the time-window of ) (t  can be changed with the variation of the frequency. This property is very useful for the analysis of nonstationary signals and the learning of the nonlinear function.
According to the theory of multi-resolution analysis, an orthogonal wavelet basis can be constructed. The orthonormal wavelet basis function neural networks can be defined by using the orthonormal bases. The advantage of this network is that the computational expense is greatly reduced.
The structure of WNN is depicted in Figure 3 .And X is the input vector, ) (t  is the mother wavelet function is the weight matrix, σ is activation function and y is the output vector of the network. Based on the previous discussion, WNN can be defined as follows:
Optimizing Wavelet Neural Networks by Improved Genetic Algorithm
Genetic algorithm combines Darwinian's survival of the fittest and the crossover operation and accelerates the optimizing speed and capability. It starts with the initial population by randomly
, and each answer is expressed as a string. These candidates go along for better answer by the combination of strings. The general GA is composed of reproduction, crossover and mutation, which simulate propagating, mating and gene mutation of natural selecting and inheritance course. The description of details of the improved genetic algorithm is as follows:
(1) Encoding In order to represent WNN structure in one chromosome, the chromosome is divided into connection genes and parameter genes. Connection genes are of binary type and indicate whether the nod exists, a "1" denotes an existed node and a "0"denotes no node exits. Weight, dilation and translation genes are real-valued and indicate the actual connection weight, dilation and translation factors.
(2) Fitness function Selection of fitness function is very important because of its direct relation to GAWNN convergence rate. Usually the fitness function is translated from the objective function. Based on these considerations the fitness function is defined as follows:
(3) Crossover and Mutation The crossover and mutation formula can be described as: 
IGA-based WNN for Wrist Force Sensor Dynamic Modeling
Mechanism OF GA-Based WNN for Wrist Force Sensor Dynamic Modeling
From above analysis, the process of applying GA-Based WNN to the dynamic modeling of wrist force sensor can be summarized as follows:
(1) According to the performance of the sensor, determine the desired performance of it.
(2) According to measurement data of the dynamic calibration, apply GA to train WNN until the result of the output meet the demand of the evaluating function.
(3) Link the WNN to the wrist force sensor to realize its dynamic modeling. Figure 4 shows the framework of dynamic modeling of the wrist force sensor, in which y(k) is the sensor output and u(k) is the sensor input. The determination of the structure and parameters can be achieved by using GA. 
Robot Wrist Force Sensor Dynamic Modeling
In experimental the training data is step response of the wrist force sensor. The Mexica hat wavelet function is selected as hidden neuron's transform function of WNN. When the iterations evolution is 45 the error function is 0.001.The step response results are shown in Figure 5 -7 in the "x" axis force Fx, "y" axis Fy and "z" axis Fz. The results indicate that the dynamic modeling is precision. However, when the t training times is 1000 the error function is 0.001 by using BP algorithm. The curve of training in BP-Based WNN is showed in Fig.8 in "x" axis force direction. These results show that the training speed and precision of model are increased by using GAWNN than BPWNN. 
Dynamic Compensation Principle of Robot Wrist Force Sensor
From the dynamic model of the robot wrist force sensor can be seen, its inherent frequency is not high, the damping ratio is very small, which is decided by the inherent characteristics of the elastic body structure by itself. In order to improve the speed of dynamic response, to accurately reproduce the measured signal, the dynamic characteristics of the sensor's compensation are needed.
To improve dynamic performance of the sensor generally has two ways, one is to change the structure and parameters of the sensor, but it involves both the static performance, and by the process and material constraints. Two is the dynamic compensation which the method is more flexible. Especially the development of a variety of programmable chip (microprocessor, complex programmable logic device (CPLD) and field programmable gate array (FPGA) etc.) provides favorable conditions for its application. The dynamic compensation of robot wrist force sensor is mainly based on the principle of the basic link as shown in Figure 8 As shown in Figure 1 , the input-output behavior of the sensor is described as:
 Where A(q-1)=1+a1q-1+……+anq-n B(q-1)=b1q-1+…+bnq-n {u(t)},{y(t)} are the input and output of the sensor respectively, ai, bi(i=1,2,…n) are constant parameters of the sensor model.n is the order of the sensor. q-1 represents the unit delay operator. In order to correct dynamic measurement error of the sensor, a compensation segment is connected in cascad with output y(t).Assume the input-output behavior of the compensation network is:
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In which C(q-1)=1+c1q-1+…+cmq-m D(q-1)=d1q-1+…+dmq-m cj, dj(j=1,2…m) are the unknown parameters is the order of the compensation segment. So the performance of the sensor after compensation becomes:
It can be seen that polynomials A(q-1) and B(q-1) are fixed and C(q-1),D(q-1) are changeable. By selecting proper C(q-1) and D(q-1),the sensor can acquire the desired dynamic performance u′(t). From above analysis, the process of applying GA-Based WNN to the dynamic compensation of wrist force sensor can be summarized as follows:
IGA-Based WNN for Robot Wrist Force Sensor Dynamic Compensation
(3) Link the WNN to the wrist force sensor to realize its dynamic compensation. In experimental the training data is step response of the wrist force sensor. The Mexica hat wavelet function is selected as hidden neuron's transform function of WNN. When the iterations evolution is 38 the error function is 0.0001.The step response results before and after compensation is shown in Figure 10 -12 in the "x" axis force Fx, "y" axis Fy and "z" axis Fz. Curve 1 in Figure  10 -12represents the negative step response of the wrist force sensor. Curve 2 in Figure 10 -12 illustrates the compensation result through IGA-Based WNN. The results indicate that the dynamic performance after compensation conforms to the required one very well. However, when the t training times is 1000 the error function is 0.0001 by using BP algorithm. The curve of training in BP-Based WNN is showed in Figure 14 in "x" axis force direction. These results show that the training speed and precision of compensation model are increased by using IGAWNN than BPWNN. Figure 11 .
Step response of sensor before and after compensation in "x" axis force direction. Step response of sensor before and after compensation in "y" axis force direction. Figure 13 .
Step response of sensor before and after compensation in "z" axis force direction. 
Conclusions
According to above analysis, IGAWNN possesses the ability of dynamic mapping. IGA not only optimizes the parameters of wavelet neural networks of the dynamic model and dynamic compensation, but also optimizes its network structure. Compared with other methods, the proposed method has better precision and performance. From the experimental results, we learn the Research methods of the robot wrist sensor dynamic characteristics based on improved genetic wavelet neural networks is effective.
